Abstract. The purpose of this study was to look at the effectiveness of multidisciplinary integrated project-based learning models in enhancing critical thinking and collaboration among elementary school students. The study used a quasi-experimental research technique with three subjects as experimental subjects and 65 students, and three subjects as control subjects and 65 students. The results of the study indicate that multi-disciplinary integrated project-based learning can improve critical thinking skills and student collaboration. This is evidenced by the t-test. T table obtained at the significance level of 5% is 2006. So the value of t count> t table (30,570> 2,006) and the significance value is less than 0.05 (p = 0,000 <0,05). It can be concluded that critical thinking skills and collaboration differ significantly in the experimental class and the control class.
Introduction
The quality of education is determined by input factors and the learning process. Input includes students, teachers, infrastructure, environment, and curriculum (Uysal, 2015) . The process includes theories, concepts, strategies, models, methods, and learning environments that are applied to teaching and learning activities. The process occurs in schools (OECD, 2005, p. 12) . Each factor has a very diverse influence. The quality of teachers in mastering the material, understanding of theories, models, strategies, methods of learning, and feedback to students (Gage, et al., 2017) determine the facilitation process carried out to achieve certain competencies. The teacher must understand how students learn and how to facilitate students learning (Furner & Kumar, 2007) . The role of the teacher turns into a facilitator (Li & Chen, 2018) . As a facilitator the teacher is required to be able to understand the facilitating techniques and characteristics of each student so that they can facilitate more individually. Learning that prepares students for the challenges of the 21st century is done by teachers who understand and know what to do (North Carolina State Board of Education, 2007) , namely: 1) Leadership is shared with all school stakeholders, so that the vision and goals of the school are shared ; 2) Teachers make learning content interesting, relevant, and meaningful for students' lives; 3) Teachers with students build learning competencies that incorporate critical thinking skills, problem solving, and information and communication technology literacy (ICT); 4) The teacher facilitates learning by encouraging all students to be able to find ways to learn, innovate, collaborate, and convey ideas; 5) health, financial literacy, awareness as citizens, global society, and environmental awareness become one of the learning materials; 6) linking the relevance of learning with the community; 7) Teachers reflect on learning, assessment, and conveying feedback to students; 8) The teacher encourages students to lifelong learning.
The learning process of the 21st century changes from teacher-centered to student-centered. 21st century education prepares students in the knowledge of content (mastery of subjects) and technological skills, becoming global citizens (global citizenship) and future success (Smaldino, 2011) . According to Djohar (2006) education in Indonesia has not fully answered the process changes, because of the negative characteristics that occur in education in Indonesia, namely: 1) textual, studies conducted in the education process are studies of the work of others, not relying on their own actions and results own work; 2) product oriented, by ignoring the process, which results in our children not having the potential for individual learning, they rely on the end result; 3) final evaluation, as a result of our educational orientation to the product, the evaluation is focused on the product. Process evaluation in the form of a portfolio is never used as a measure of student progress; 4) IQ-oriented, by only paying attention to students from innate intelligence never touches the intelligence that can be grown through the development of creativity (CQ), EQ, and SQ. Even more towards AQ; 5) centric for school, meaning that our education only has the meaning to continue school, does not have the meaning to meet life in the future. Therefore, its orientation is backward, not anticipatoryforward perspective.
The importance of the quality of education in entering the 21st century era is highlighted by Soedijarto (1997) . Schools in preparing students to enter the 21st century must be able to socialize various values and attitudes and learning abilities, this is one of the characteristics of quality education. The characteristics of quality education will produce people who: 1) have faith and devotion to the Almighty God and noble character; 2) have knowledge and skills; 3) physically and mentally healthy; 3) steady and independent personality; 4) have a sense of social and national responsibility (Soedijarto, 1997) . According to Savin-Baden and Major (2004) students must learn to: 1) communicate effectively verbally and nonverbally; 2) understand and be able to do qualitative and quantitative analysis to solve problems; 3) conduct interpretation and evaluation of information from various sources; 4) understand and be able to work in complex systems and in different groups; 5) show intellectual ability and and be able to adapt to change; 6) transform information into knowledge and and use it to make decisions and actions. These six things are the provisions needed to face the increasingly complex challenges of life.
The six things that must be mastered by students according to SavinBaden and Major (2004) cannot be done with conventional, monotonous processes, and by relying on a single method, model, and strategy. According to Soedijarto (1997) a quality learning process is a learning process that meets the criteria of elements of relevance, namely: 1) the relevance of epistemology; 2) psychological relevance; 3) social relevance; and 4) relevance to the values contained. In order for learning to be able to fulfill that relevance, learning must be able to provide a significant learning experience. A significant learning experience (significant learning experiences) has an impact on student competence (Fink, 2003) on values: 1) improving individual life, such as enjoying art and music, developing meaningful life; 2) increasing contributions in social life such as in the family, environment, country, religion, group, world; 3) preparing individuals to enter the workforce such as developing the knowledge, skills and attitudes needed to increase effectiveness in the professional world.
The characteristics of the significant learning experiences students are involved in the process. This means that students become planners, implementers and evaluators of education. The education process also has high energy. Classes are able to provide support for students to follow the education process. Education provides significant and lasting changes in the results, impact, and outcomes side, which results in significant changes in students, continuous changes after learning is completed and after students graduate. Education also provides value in life, which is learned to have high potential to be a value in life, by improving personal life, preparing students to participate in various communities. Suyanto (2013) warns that curriculum and learning processes need to provide sufficient space so that students can make observations, analyses, hypotheses, syntheses, and find solutions to challenges faced in the learning process. The learning process, to ensure competency achievement needs to be followed by a good assessment process. Assessment is carried out authentically on learning processes and results. From this assessment process, the quality of education can be improved. The quality of planning, implementation and assessment determines the success of education.
The application of learning methods at the primary / secondary school level is carried out through learning with thematic-integrated approaches from Class I to Class VI. Religious Education and Characteristics subjects are excluded (Permendikbud Number 57 of 2014). The learning process is carried out by combining subjects with themes as organizers of teaching materials, attitudes to be developed, and skills that are trained. Integrated learning is learning that integrates various competencies in the learning process (Alberta Education, 2007, p. 2; Gnanakan, 2007, p. 18; Fogarty, 1991; Loepp, 1999; Drake & Burns, 2004; Intel Education, 2008) . The pattern of integrated learning approaches in general is intra-disciplinary, inter-disciplinary, multi-disciplinary, and transdisciplinary integration.
Intra-disciplinary integrated learning is done by integrating the dimensions of attitudes, knowledge, and skills into one whole unit in each subject. Inter-disciplinary integration is done by combining the basic competencies of some subjects so that they are related to one another, so that they can strengthen each other, avoid overlapping, and maintain learning harmony. Multi-disciplinary integration is carried out without combining the basic competencies of each subject so that each subject still has its own basic competencies. Trans-disciplinary integration is done by linking the various existing subjects with the problems found around them so that learning becomes contextual.
The results of preliminary research conducted on 52 teachers who have implemented single-discipline project-based learning, the teacher believes that the project-based learning model is able to improving students' skills. When asked whether the teacher had implemented multidisciplinary project-based learning, most of the teachers answered yes. This suggests that it is important to do research on multidisciplinary integrated project-based learning in relation to critical thinking skills and student collaboration.
Theoretical Framework
Project-based learning is designed to facilitate students in getting to know the real world (Cervantes, Hemmer, & Kouzekanani, 2015) , through increasing learning activities (Cakiroglu, 2015) . Learning activities are carried out by involving students in managing learning (Ilter, 2014) . Students learn by using the knowledge they already have (Jacques, 2017) . Thus when students use a project-based learning model, creativity and critical thinking skills increase (Anazifa & Djukri, 2017; Desinta, Bukit, & Ginting, 2017; Rachmawati, et.al., 2018) , so that they can improve level thinking skills high (Pinho-Lopes & Macedo, 2014: 20-27) . Increased students' critical thinking skills because during the learning process students are directly involved. Students have experience discovering facts through activities seeking information and combining various knowledge from various kinds of subjects (Li, 2018) . Florea & Hurjui (2015) found that learning that develops students' critical thinking skills must be developed in the learning process that accommodates high-level thinking skills, taking into account the quality of questions, the quality of thinking, and the quality of response.
According to Asan & Haliloglu (2005) project-based learning can improve the ability to work in groups, so as to improve cooperation skills. On the other hand it can also increase learning motivation (Anazifa & Djukri, 2017) . Encourage students to help develop questions and find solutions (Anazifa & Djukri, 2017) . Responsible for learning, independence and discipline (Bell. 2010) and improving problem-solving skills and high-level thinking (Pinho-Lopes & Macedo, 2014) . This happens because project-based learning is able to increase interaction with learning (Pereira, Barreto, & Pazeti, 2017; Lawe, 2018) , increase student motivation (Chiang & Lee, 2016; Ilter, 2014) , improve learning effectiveness (Asan & Haliloglu, 2005) . Critical thinking skills and increased collaboration increase opportunities to apply practical theory and knowledge (Asan & Haliloglu, 2005) . Thus the process that occurs because project-based learning is learning based on student activities.
As student activity-based learning project-based learning will be meaningful if it meets two criteria, namely: 1) students feel the meaning personally, so they want to carry out the project well; 2) fulfill educational goals (Larmer & Mergendoller, 2010) . Personal implementation is important because project-based learning requires more effort than conventional learning, when students feel personal meaningfulness is expected to give a strong impetus to implement PBP. Some conditions that can support personal meaningfulness according to (Patton, 2012; Larmer & Mergendoller, 2010) can be achieved with PBP characters, namely public exhibition or presentation, producing products, the need to know, choices and opinions of students; investigation; feedback; revision; and critique. Publication activities are activities carried out by students to convey their learning outcomes, which can be a particular product to the community. After completing learning, students critique or evaluate the process and learning outcomes so students can interpret it personally.
Miller (2018) states that project-based learning has an impact on increasing the learning process into meaningful learning. Students have the opportunity to make improvements (Mutakinati, Anwari, & Yoshisuke, 2018: 54-65) , students act as teachers (Goodman, 2010: 1-8) . Learning ends with making a project (Bilgin, Kemal, & Ay; 2015) . Project-based learning also gives students the opportunity to experience learning in order to actively develop knowledge and enhance experience (Gerogiannis & Fitsilis, 2005) . Project-based learning is a method that emphasizes contextualization, real experiences needed by students to support learning and build full meaningfulness. PBP is also challenging and motivating to students. Besides, it develops critical, analytical thinking skills and improves high-level thinking skills. Project-based learning requires collaboration, communication, problem solving and self-directed learning (Capraro & Slough, 2009) . Project-based learning allows students to construct their knowledge based on the knowledge they already have (Bell, 2010) ; provides significant benefits (Hernández-Ramos & Paz, 2009) ; have a positive impact on the achievement of teaching material competencies (Jacques, 2017; Cervantes, Hemmer, & Kouzekanani, 2015) Project-based learning is able to improve critical thinking skills and problem solving (Mergendoller, et al., 2006) ; improve collaborative skills and resolve conflicts (Chan Lin, 2008) ; improve social skills; improve management, cooperation, and accuracy skills when working in groups. The application of project-based learning according to Thomas (2000) must meet five criteria, namely: (a) the project is central, not part of the curriculum; (b) projects focus on how students find problems and concepts from the material being studied, through questions that are made; (c) the project involves students in constructive research; (d) the project encourages students to reach a significant level; and (e) the project must be realistic, not what the school wants. Project as a center means placing the project as the main activity in achieving competencies that focus on real problems in life. Projects also involve students in realistic research activities to achieve the desired competencies.
Critical thinking is a process that occurs because of an understanding of the various information that is integrated (Lunenburg, 2011) through learning skills (Peter, 2012) . Because critical thinking occurs through learning skills, it requires a thinking process that requires the ability of analysis, synthesis, and evaluation. This ability will show beliefs and actions (Scriven & Paul, 2007; Marcut, 2005) . According to Paul & Elder (2008) critical thinking is the art of analyzing and evaluating thoughts carried out with the intention of developing that thought. Cottrell (2005) defines critical thinking as a complex process that involves various attitudes and skills. Critical thinking means applying logic systematically and questioning every demand or belief; think carefully and strictly (Novella, 2012) , make judgments about the truth and value of statements and ideas (Stancato, 2000) . According to Reed and Kromley (2001) , critical thinking is the ability and tendency to analyze complex issues and situations, recognize and evaluate assumptions and alternative points of view according to acceptable criteria, make conclusions, draw reasonable conclusions based on accurate information , make interdisciplinary connections, and transfer insights to new contexts. Critical thinking defines as a cognitive skill that determines how well a person collects, processes, and uses information to identify the best way to achieve goals or navigate complex situations. Based on these definitions, it can be concluded that critical thinking is a systematic, complex intellectual process, involving various attitudes and skills, accompanied by a process of analyzing and evaluating within the framework of making improvements.
Critical thinking as an intellectual process involves the activities of attitudes, knowledge, and skills. The main activities in critical thinking are analysis, evaluation, and argumentation (Butterworth & Thwaites, 2013; Novella, 2012; Astleitner, 2001) . Critical thinking has various elements. Paul and Elder (2004) say that critical thinking means: every thought has a purpose; looking for new things; find solutions; use data; consider various things, always based on information; utilize the available evidence; and based on concepts and ideas that result from a learning process; contain conclusions and give meaning; and has implications and consequences. Understanding the main activities and critical thinking elements provides conclusions that critical thinking is systematic steps in seeking information, processing, analyzing, and synthesizing that information so that it becomes a conclusion or benefit according to the objectives set. The process involves a variety of intact viewpoints as a component of critical thinking.
The component of critical thinking involves high-level thinking (Hemming, 2000; Duplass & Ziedler, 2002; Wong, 2007) according to Bloom's learning taxonomy which was revised by Anderson (2001) and thought scientifically. Anderson (2001) divides the taxonomy of learning into the knowledge dimension and dimensions of cognitive processes. The knowledge dimension consists of factual knowledge, conceptual knowledge, procedural knowledge, and metacognitive knowledge. The dimensions of the cognitive process consist of remembering, understanding, applying, analyzing, evaluating, and creating. As cognitive skills, critical thinking reflects the ability of interpretation, analysis, evaluation, inference, explanation, and self-regulation (Facione, 2011) . According to Yildirim and Özkahraman (2011) the process of critical thinking is to find, obtain, evaluate, analyze, synthesize, and conceptualize information. The results of thinking activities are used to solve problems.
Collaboration is defined as social construction to build relationships with members to achieve successful goals (Volkov & Volkov, 2007; Salas et al., 2005 , Hughes & Jones, 2011 thus collaboration involves working together in teams. Cooperation skills are very important for students because cooperation can improve adaptability, productivity, and creativity (Salas, et al. 2005) , improve communication, resolution and negotiation skills (Crebert, et al. 2011) . Collaboration is done by building relationships and working with others using core skills and habits. Team members work cooperatively, contributing with ideas, advice and effort. Communication needs in developing teams are accompanied by responsibilities that are able to increase respect for differences of opinion, habits, and individual preferences. In the end, each team member is able to participate in decision making.
The effectiveness of team work results from appropriate membership, size and resources; good leadership, assignments and attention to commitment to team building, understanding and identifying goals with each other; development of team goals -shared vision, coordination and division of tasks that are evenly distributed to all team members, so that the team has high performance.
Holmes (2013) states that there are ten high-performance team characters, namely: 1) Developing goals and planning, 2) developing communication; 3) building and maintaining positive relationships; 4) solving problems and making time-based decisions; 5) conflict management; 6) facilitating productivity; 7) clear roles for each member; 8) operating in a productive manner; 9) effective team leadership; 10) providing opportunities for developing team members. These characters need to be shared by each team member. Lingard (2010) identifies collaborative attributes, namely: attending team meetings; arrive on time; donating new ideas; express opinions; communicate clearly; sharing knowledge; mutual support; understand the opinions of team members; help each other; care for members who need help; complete responsibility on time; complete tasks with good quality; various with team members; committed to team goals; show ability for team success.
Method
The method section describes the research methods used including research design, research subjects, and data analysis.
Research Design
The research conducted is experimental research as part of a series of research and development. At this stage of research is a test of the effectiveness of development products tested through experimental research. Experimental research conducted was quasi-experimental research.
Research subjects
The research subjects were divided into two groups, namely the experimental group and the control group. The experimental group consisted of three teachers in three schools with a total of 65 students. The control group consisted of three teachers from three schools with 65 students. The subjects were of a school in the Special Region of Yogyakarta.
Data analysis
Data was obtained using pretest and posttest techniques. Pretest is an observation made to students before the experiment was conducted. Posttest is observations made at the time and during treatment. Data were taken using the following instruments: For collaboration skills the data were taken using the following instruments: 
Results
Research on the development of multidisciplinary integrated project-based learning models, shows the results that models developed are effective for enhancing critical thinking skills and collaboration. This is indicated by a test of the experimental class and the control class. The results of the study are shown in each section. Tests in the experimental class and control class were conducted to see whether there was an increase in critical thinking skills and collaboration in each class. Comparison test of posttest results between experimental class and control class to find out the differences that occur because of the use of multidisciplinary integrated project-based learning models.
Test the Pretest Paired Sample T-Test and Postest Experiment Class
Test paired sample pretest and posttest t-test experimental class aims to determine whether there is an increase in score. The conclusion of the study is stated to be significant if t count> t table at a significant level of 5% and the value of p <0.05. The summary of the paired sample t-test results of the experimental class is shown in the following table: The average value of the critical thinking skills pre-test of the experimental class students was 72.41 and the average post-test score was 89.48 so that it increased by 17.66. Also, obtained t count> t table at a significance level of 5% (20,760> 2,006) and has a value of p <0.05 which means that there is a significant increase in the critical thinking skills score of the experimental group students.
The average score of the experimental class cooperation student pre-test skills was 75.71 and the average post-test score was 89.76 so that it increased by 13.56. Also obtained t count> t table at a significance level of 5% (14,619> 2,006) and has a value of p <0.05 which means that there is a significant increase in the student group collaboration skills proficiency score.
Test Paired Sample Tets Test and Postest Control Class
Test paired sample pretest and posttest t-test of the control class aims to determine whether there is an increase in score. The conclusion of the study is stated to be significant if t count> t table at a significant level of 5% and the value of p <0.05. As for the summary of the paired sample t-test results of the experimental class are shown in the following table: The average value of the pre-test of critical thinking skills of the control class students was 66.61 and the average post-test score was 77.08 so that it increased by 10.46. Also, obtained t count> t table at a significance level of 5% (20,760> 2,006) and has a value of p <0.05 which means it can be concluded that there is a significant increase in the critical thinking skills score of the control group students.
The average value of the control class cooperation skill pre-test is 66.00 and the post-test score is 73.85 so that it increases by 7.85. Also, obtained t count> t table at a significance level of 5% (14,619> 2,006) and has a value of p <0.05 which means that there is a significant increase in the skill score of the cooperation control group students.
Test Paired Sample T-Test Posttest in the Experimental and Posttest Control Class
Test paired sample t-test on the experimental class posttest and posttest control class aims to determine whether there are significant differences in the posttest values in the experimental class and the control class. The conclusion of the study is stated to be significant if t count> t table at a significant level of 5% and the value of p <0.05. As for the summary of the paired sample t-test results of the experimental class are shown in the following The results of paired samples t-test post-test critical thinking skills are known to average the results of experimental class critical thinking skills of 89.48 and the average results of the thinking skills of the control class is 77.08. Thus, it can be concluded that the average results of experimental class critical thinking skills 12.40 greater than the control class. From the table, it is known that t count is 27,121 with a significance of 0,000. T table obtained at the significance level of 5% is 2006. Hence, the value of t count> t table (27.121> 2,006) and the significance value is less than 0.05 (p = 0,000 <0,05). It can be concluded that there are differences in the scores of the results of students' critical thinking skills significantly in the experimental class and the control class.
Based on the paired samples post-test collaboration skills t-test it is known that the average results of the experimental class cooperation skills are 89.26 and the average results of the control class cooperation skills are 73.85. As a result, the experimental class critical thinking skills results 15.41 larger compared to the control class. From table 5, it is known that t count is 30,570 with a significance of 0,000. T table obtained at the significance level of 5% is 2006. Therefore, the value of t count> t table (30,570> 2,006) and the significance value is less than 0.05 (p = 0,000 <0,05). It can be concluded that there are differences in the scores of the results of students' critical thinking skills significantly in the experimental class and the control class.
Discussion
Based on the results of the study, multidisciplinary integrated project based learning can improve critical thinking skills and student collaboration. These results reinforce the results of research that project-based learning enhances critical thinking skills (Anazifa & Djukri, 2017; Desinta, Bukit, & Ginting, 2017) , so that it is also able to improve higher-order thinking skills (Pinho-Lopes & Macedo, 2014). Florea & Hurjui (2015) found that learning that develops students' critical thinking skills must be developed in the learning process that accommodates high-level thinking skills, taking into account the quality of questions, the quality of thinking, and the quality of response.
Students' critical thinking skills can be improved through multidisciplinary integrated project-based learning because when students do the learning process, students learn how to think. These findings are in accordance with the findings of Asan & Haliloglu (2005) which states that project-based learning can improve the ability to work in groups. The findings of this study are in accordance with the findings of Asan and Haliloglu (2005) that PBL was able to improve collaboration skills. However, it can also increase learning motivation (Anazifa & Djukri, 2017) . Encourage students to help develop questions and find solutions (Anazifa & Djukri, 2017) . Responsible for learning, independence and discipline (Bell. 2010) and improving problemsolving skills and high-level thinking (Pinho-Lopes & Macedo, 2014) .
Conclusion
Multidisciplinary integrated project-based learning can improve critical thinking skills and collaboration with elementary school students.
